There is a progressive trend in the current literature in understanding the central effects of oxytocin, which besides its classical roles in parturition and lactation, seems to exert some facilitatory effects in most of the neuropsychiatric disorders. Thus, it seems that oxytocin is mainly linked to the neuropsychiatric disorders where the social component is more or less affected and it has also strong correlations with the stress-related mechanisms and hypothalamic-pituitary-adrenal (HPA) axis. In addition, the connections between oxytocin and the digestive system were previously suggested, including by some of our preliminary results, in the context of irritable bowel syndrome (IBS) pathology. Also, the relations between depression and stress in the context of cortisol implications are quite well described, although various modifications of cortisol (increased, decreased or nonmodified) were described in the major depression pathology. Thus, by using two research cohorts: one with major depression disorder (n = 15) and another one having both diagnosis of major depression disorder and irritable bowel syndrome in the same time (n = 15), we are showing in this report significantly increased levels of cortisol in patients with MDD and IBS, when compared with patients with MDD without IBS, while an opposite pattern was obtained by measuring the plasma level of oxytocin, where the patients with MDD and IBS had a significantly decreased concentration of oxytocin, as compared with those with MDD but without IBS.
As described several times by our group already, there is a progressive trend in the current literature in understanding the central effects of oxytocin, which besides its classical roles in parturition and lactation, seems to exert some facilitatory effects in most of the neuropsychiatric disorders [1] [2] [3] [4] [5] [6] [7] .
Thus, it seems that oxytocin is mainly linked to the neuropsychiatric disorders where the social component is more or less affected and it has also strong correlations with the stress-related mechanisms and hypothalamic-pituitary-adrenal (HPA) axis [1] , as we will further discuss.
In addition, the connections between oxytocin and the digestive system were previously suggested, including by some of our preliminary results (in the context of irritable bowel syndrome (IBS) pathology [8] .
Also, the relations between depression and stress in the context of cortisol implications are quite well described, although various modifications of cortisol (increased, decreased or non-modified) were described in the major depression pathology [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
In this context, in this mini-report we will focus our attention especially on the possible correlations that might exist between oxytocin, cortisol and the HPA axis, in the previously described context of the major depressive disorder, but also considering the gastrointestinal aspects mentioned above, by introducing here the previously described [8, 19] IBS pathology. This was done by determining oxytocin and cortisol modulatory variations in two research cohorts: one with major depression disorder and another one having both diagnosis of major depression disorder and irritable bowel syndrome in the same time [8, 19] . 
Experimental part Material and methods
Patients with the diagnosis of depression and IBS from Iasi Institute of Psychiatry were selected. The local specialized committee approved the present design, while the patients also signed a specific informed approval to be part of this study. Exclusion criteria were represented by other psychiatric, digestive or somatic diseases. ICD-10 and DSM V criteria for used for the diagnosis of major depression disorders (MDD), while ROME IV criteria were used for IBS diagnosis. HAMD scale was applied on all 30 slected patients. Also the patients were grouped into two research cohorts: one with major depression disorder (n = 15) and another one having both diagnosis of major depression disorder and irritable bowel syndrome in the same time (n = 15). Blood samples were collected from all of them in order to determine the oxytocin and cortisol concentrations, which were performed as previously described [8, 19] . Data analysis was also done as previolsy described by our group [8, 19] .
Results and discussions
The average age was between 20 to 60 years of age, with both male and female coming from urban and rural background.
As it can be seen in figure 1 , cortisol level (ng/ml) was significantly increased (p < 0.05) in patients with MDD and IBS, when compared with patients with MDD without IBS ( Fig. 1 ). An opposite pattern was obtained in the second case by measuring the plasma level of oxytocin (pg/mL), where the patients with MDD and IBS had a significantly decreased (p < 0.05) concentration of oxytocin, as compared with those with MDD but without IBS ( Fig. 2 ). Another issue we wanted to examine was whether age influences the oxytocin-cortisol connection in patients with MDD and IBS ( Fig. 3 ), but also for each sex.
Although there is a tendency for a correlation between cortisol + oxytocin levels in male subjects with MDD and IBS, this is not statistically significant (r = 0,415, p > 0,05) ( Fig. 4 ). In female subjects however, the results were more conclusive for those two measured parameters (r = 0.81). In this case, two distinct situations are encountered: when cortisol levels are low, it is counterbalanced with that of oxytocin and vice versa, with the correlations being highly significant statistically (0 = 0.007; < 0.05) ( Fig. 5 ).
To test the hypothesis that oxytocin influences the level of cortisol in MDD accompanied by IBS, we also tested for possible relationship between these two parameters and used Pearson correlation. The data indicated a highly statistically positive link (r = 0,66; p = 0,02). Thus, we can say with certainty that there is a directly proportional decrease in concentration of these hormones (Fig. 6 ). In the present study, by using two research cohorts: one with major depression disorder and another one having both diagnosis of major depression disorder and irritable bowel syndrome, we showed significantly increased levels of cortisol in patients with MDD and IBS, when compared with patients with MDD without IBS, while an opposite pattern was obtained by measuring the plasma level of oxytocin, where the patients with MDD and IBS had a significantly decreased concentration of oxytocin, as compared with those with MDD but without IBS.
Considering that we previously described in an extensive way the connections between oxytocin and the gastrointestinal system (for further details please see [8] , in the present section we will focus on the modulatory effects of oxytocin-cortisol interactions.
It is also known that oxytocin actions are very dependent on the environmental context and are in dynamic relations with many other systems and neurotransmitters or hormones, including cortisol [1, 4, 20] .
Thus, it was previously showed also by our research group that oxytocin could act indeed as some anti-stress agent, modulating, among others, cortisol levels and HPA axis in most of the stressful situations [1, 19] . However, these interactions are also very complex and controversial, with previous reports describing contradicting results. For example, in a classical study by Cardoso et al., it was showed that intranasal oxytocin administration would result in a decrease of salivary cortisol levels [21] , while other groups showed that exposure to specific social stress in postmenopausal women will generate increased levels of both oxytocin and cortisol [22] .
These effects could be related to various imbalances, modulatory effects and long term disruptions in the activity of these two hormones. Also we should mention that cortisol and HPA axis are only part of the complex responses to stress exposure and their further effect on oxytocin modulation. Additionally, oxytocin interacts with a variety of other neurotransmitters and hormones (e.g. related to depressive-like states) [1] .
Thus, we set ourselves to see to what extent the indices for oxytocin and cortisol oscillate in subjects diagnosed with MDD alongside IBS which plays the role of amplifier. By the prism of the cohort used in both cases, it can be concluded that these hormones acts complementary.
Cortisol could modulate the amount of oxytocin in the feedback to HPA, through the activation of arginine vasopressin (AVP), responsible for variations of cortisol degree [23, 24] .
Modifications of cortisol as an output of HPA axis, has affinity towards comorbidities [25] , an hyperactivity of HPA being related to cognitive impairment [26] , withdrawn attitude [27] and mood changes [28] . This highlights a possible relevance of oxytocin in this context, because it has been postulated that plasma oxytocin levels are directly correlated with the actions of the HPA axis retroactively [29] .
Apart from the design of our study, could be encountered states like panic or social anxiety disorders, Camilleri [30] suggesting that anxiety could be a precursor to the early stages of IBS, whereas in depressants, the process is chronic and more common. For example, chronic stress induce an hyperreactivity of suprachiasmatic and paraventricular nuclei [31, 32] , evidences supported furthermore by studies that focused on fetal hypoxia [33] .
Petacchioli et al [34] contradicts the results obtained by Cardoso et al [21] where he recorded an elevating degree of cortisol in the saliva of 55 IBS patients compared with controls, data that is not sustained by eventual modifications of profiles. Another example is represented by the study conducted by Sugaya et al [35] where 10 female college student were expose to two weeks stressful teaching kindergarten practice. After 7 days, saliva samples indicate an increased amount of cortisol as opposed to other four experimental situations: thirtieth minutes post-awakening or before sleep, during practicing and few days later.
Heinrichs et al [36] for example tested 37 male subjects who were exposed to social stress and then received clinical assistance by the administration of intranasal oxytocin or placebo prior to Trier Social Stress Test (TSST). The variations were less pronounced compared to patients who underwent only social care, oxytocin or none. In a similar manner were evaluated children, where those who could hear or see their mothers displayed higher amounts of OT and lower of cortisol, data being antithetical to those who did not [37] .
Compared with irritable bowel disease (IBD) who is more like an organic disease, IBS lies more in the spectrum of functionality, gastrointestinal deficiency who has been associated with neuropsychiatric disturbances [38] [39] [40] , due to prolonged exposure to stressful stimuli [34, 35] .
As Ohlsson et al [41] showed that oxytocin is as well distributed throughout gastrointestinal (GI) tract via Auerbach's and Meissner's plexus and nerve fibres, recent findings support his role in gastric modulations in diabetes or gastroparesis [42] , colonic peristaltism [43] , intranasal administration alleviating discomfort associated with chronic idiopathic constipation [44] .
Intestinal epithelium ensure favorable conditions for pathogens who initiate inflammatory cascades (IL6 and IL8 in all IBS subtypes), secretion of neuro-and endotoxins, deficient absorption of nutrients and modulation of autonomic nervous system [30] . However, once a rupture of the tight junctions occurs, commensal bacteria prevents the adherence of harmful microorganisms by promoting the activation of immune system, while Paneth cells usually confer protection on intestinal epithelium [45, 46] .
Therapies targeting human microbiota could constitute a reliable branch of expertise in order to deepen the understanding of how a dysbiosis promote various deregulations such as an increased gut permeability [30] .
Conclusions
Thus, by using two research cohorts (e. g. one with major depression disorder and another one having both diagnosis of major depression disorder and irritable bowel syndrome), we are showing in this paper significantly increased levels of cortisol in patients with MDD and IBS, when compared with patients with MDD without IBS, while an opposite pattern was obtained by measuring the plasma level of oxytocin, where the patients with MDD and IBS had a significantly decreased concentration of oxytocin, as compared with those with MDD but without IBS. Our results strongly demonstrate the interdependence between oxytocin and cortisol in regulating depression, in the context of IBS pathology (e.g. associated or not). Thus, it is possible that disruption of the HPA axis promotes gastrointestinal deficiencies such as irritable bowel syndrome, mainly depending on the exogenous factors. On a longer term, based on large-scale distribution in the body of OT, especially in the gut, therapies targeting the gut microbiota could be a new starting point of a major therapeutic approach, by the manipulation of the ,,second brain" represented by the gastrointestinal tract.
